We utilize Perylene-3,4,9,10-tetracarboxylic acid tetrapotassium salt (PTAS) to promote the growth of WS 2 on Si/SiO 2 (275 nm) substrates. Synthesis of WS 2 in the absence of PTAS seeds is also investigated. In this case, two bare Si/SiO 2 (275 nm) substrates are loaded face-down, directly above the WO 3 precursor. Synthesis conditions identical to recipes A and B result in no growth on either substrate. Synthesis conditions identical to recipe C result in WS 2 growth on both the upstream ( Figure S1 ) and downstream ( Figure S2 ) substrates. Although, in the absence of PTAS seeds, the morphology and uniformity are considerably different than when PTAS is utilized. Only isolated island growth,
confirms the presence of a small amount of PTAS on the downstream growth substrate following all synthesis recipes (Recipe A, B, and C discussed in the main text). Small variations in concentration are measured, with samples synthesized using recipe A exhibiting the largest concentration of PTAS and recipe C the smallest.
Synthesis of WS 2 in the absence of PTAS seeds is also investigated. In this case, two bare Si/SiO 2 (275 nm) substrates are loaded face-down, directly above the WO 3 precursor. Synthesis conditions identical to recipes A and B result in no growth on either substrate. Synthesis conditions identical to recipe C result in WS 2 growth on both the upstream ( Figure S1 ) and downstream ( Figure S2 ) substrates. Although, in the absence of PTAS seeds, the morphology and uniformity are considerably different than when PTAS is utilized. Only isolated island growth, having lateral dimensions up to tens of µm, is observed. The synthesized islands are commonly a rounded-triangle shape, with a large amount of multilayer WS 2 in addition to monolayer growth.
While monolayer synthesis is possible in the absence of PTAS (under certain conditions), the growth area and uniformity are significantly improved when PTAS is utilized. Atomic force microscopy is utilized to probe the uniformity and structure of WS 2 synthesized under the various recipes. As discussed in the main text, both recipes A (pure Ar, (a)
AFM images of samples synthesized using recipe C provide additional insight into sample quality and structure of multilayer growth. Regions of continuous growth ( Figure S5 
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C_a C_a Figure S6 AFM images of the corner of (a) an isolated triangle and (b) a partially coalesced film that was synthesized using Recipe C. The propensity for bilayer growth along the perimeter of triangles and (we presume) where triangles have merged is evident in both (a) and (b). Line scans are taken across (c) a bilayer streak as well as (d) a sharp, thick spike to characterize different modes of multilayer growth.
We performed a post-growth anneal procedure on WS 2 monolayers synthesized using procedure C in order to investigate the effects of pure Ar and Ar/H 2 environments on WS 2 . An as-grown WS 2 sample ( Figure S7a ) is returned to the furnace and exposed to the precise conditions of Recipe A (825°C, Ar=100 sccm), with the exception that no WO 3 precursor is present. As is evident from the optical image of the same area before-and after-anneal, the majority of the WS 2 on the substrate is no longer present following this procedure ( Figure S7a ). In contrast, when the post growth anneal procedure is repeated on a second as-grown sample in a flow of 10 sccm of H 2 and 100 sccm Ar, no oxidative etching occurs, as evident by comparing the before-and after-anneal images in Figure S7b . The WS 2 exhibits no change following the anneal procedure, indicating that hydrogen is inhibiting the presence of destructive oxygen. During the growth of WS 2 , the introduction of hydrogen serves multiple purposes: it aids in the formation of WS 2 by reducing the precursor, leading to larger area growth of monolayer material, and it protects against oxygen damage. 
